Every spring a huge number of passerines cross the Sahara Desert and the Mediterranean Sea on their way to their breeding grounds. Stopover sites after such extended barriers where birds can rest, refuel, and find shelter from adverse weather, are of crucial importance for the outcome of their migration. Stopover habitat selection used by migrating birds depends on landscape context, habitat patch characteristics, as well as on the particular energetic conditions and needs of individual birds, but it is still poorly investigated. We focused on a long-distance migrating passerine, the woodchat shrike, in order to investigate for the first time the species' habitat selection at a spring stopover site (island of Antikythira, Greece) after the crossing of the Sahara Desert and Mediterranean Sea. We implemented radio-tracking, color-ringing, and visual behavioral observations to collect data on microhabitat use. Generalized Linear Mixed Models were developed to identify the species' most preferred microhabitat during its stopover on this low human disturbed island. We found that high maquis vegetation surrounded by low vegetation was chosen as perches for hunting. Moreover, high maquis vegetation appeared to facilitate hunting attempts toward the ground, the most frequently observed foraging strategy. Finally, we discuss our findings in the context of conservation practices for the woodchat shrike and their stopover sites on Mediterranean islands.
which in turn can affect the timing of migration (Smith and Moore 2003) and, later on, their reproductive success (Sandberg and Moore 1996; Drent et al. 2003) , and their survival during the stationary non-breeding season (Pfister et al. 1998) . Migrants have to make optimal use of the ecosystems at their stopover sites to maximize their fuel deposition, as well as to avoid predators (Alerstam 2011) . Hence, migrants are expected to assess these factors and adopt the most efficient foraging strategy (McCabe and Olsen 2015) , although this may not always be the case. Thus, management practices at stopover sites are important for the conservation of migratory species, such as the woodchat shrike (Yosef et al. 2006; Tøttrup et al. 2008) .
To remain within their migratory schedules, birds have to choose among unfamiliar habitats to rest, refuel, and find shelter from predators (Lindstrom and Alerstam 1992) . Therefore, habitat use of migrants is expected to be non-random. Indeed, habitat selection occurs just after landfall and is likely to be based mainly on visual cues (Chernetsov 2012) . Still, sound cues may also be important for migrants, as landfall can be induced using playback, even in suboptimal habitats (Mukhin et al. 2008) . In general, habitat selection during migration is thought to be controlled by endogenous preferences and the functional morphology of the birds (Bairlein 1983) , their foraging strategy and the spatial distribution of food resources (Hutto 1985a (Hutto , 1985b Martin and Karr 1986; Chernetsov 1998; Titov 2000) , intraspecific competition (Hutto 1985a) , and predation risk (Lank and Ydenberg 2003; Sapir et al. 2004; Chernetsov 2012) .
The woodchat shrike Lanius senator is a medium-sized passerine whose populations are currently declining (BirdLife International and Nature Serve 2015) . To date, there are only a few studies on the species' ecology, mainly focusing on its breeding grounds. Woodchat shrikes breed in most of the countries around the Mediterranean Sea and winter in sub-Saharan Africa (Figure 1 ). During the breeding season, woodchat shrikes generally prefer semiopen areas with well-spaced trees, such as open woodlands, old orchards, olive groves, gardens, and parks (Yosef 2008 ). This bird species mostly preys on insects, like Orthoptera or Coleoptera but also on small vertebrates like geckos or even small passerines (Isenmann and Fradet 1998; Sandor et al. 2004) . Furthermore, similar to other shrikes, the woodchat shrike can be characterized as a sit-and-wait predator ). On their northbound journey, many Figure 1 . The location of the study area, the island of Antikythira, in relation to the 2 ecological barriers, the Sahara Desert and the Mediterranean Sea, that the migrating woodchat shrikes cross during spring migration. The distribution map of the woodchat shrike is also exhibited (BirdLife International and NatureServe 2015).
woodchat shrikes stopover for refueling at the Mediterranean islands (Pilastro et al. 1998 , Gargallo et al. 2011 ) that are characterized as xeric ecosystems (Katsimanis et al. 2006 ) because they are mainly covered by shrublands. The Mediterranean vegetation type consists of 2 main formations (Blondel and Aronson 1999) : the maquis (taller, evergreen sclerophyllous formations) and phrygana (seasonally dimorphic, drought-deciduous formations).
In this study, we investigated microhabitat use by the woodchat shrike during their spring passage from a small Greek island (Antikythira), just after the crossing of 2 ecological barriers in the Palearctic system, the Sahara Desert and the Mediterranean Sea (Figure 1) , by means of radio-tracking and visual observations of color-ringed birds and random (non-tagged) individuals. Antikythira Island is used only as a stopover site by woodchat shrikes, whereas the species also breeds in many Mediterranean islands (BirdLife International and Nature Serve 2015). Based on the species' biology, we hypothesized that woodchat shrikes prefer relatively high perches (e.g., maquis), which provide them with satisfactory visibility, in order to be able to detect at the same time potential prey, dwelling at the ground or flying, as well as present predators (e.g., raptors) (Yosef 1993; Yosef and Grubb 1993; Yosef and Grubb 1994) . To this end, we also examined whether habitat use is associated with particular foraging behavior (hunting, consuming, and scanning the surrounding area for prey), and hunting direction.
Materials and Methods

Study site
This study was conducted on the island of Antikythira (35  51'N,   23 18'E), Greece. This small island has an area ca. 20 km 2 and is located 31.5 km southeast from the island of Kythira and at an equal distance northwest of Crete (Figure 1 ). The anthropogenic disturbance is moderate as the island currently has few inhabitants (approximately 25). Thus, agricultural practices are relatively few and declining. The local flora has adapted, recolonizing abandoned terraces and enveloping the rocky inclines (Palmer et al. 2010) . Hence, the current land cover on the island mostly consists of phrygana (61%), followed by maquis (25%), and to a lesser extent of abandoned cultivations (4%), vegetated sea cliffs (8%), whereas settlements cover less than 1% of the island (data retrieved from the 3rd National Report for the Habitats Directive; Panitsa M, personal communication).
Capture and marking of individuals
Woodchat shrikes were trapped with mist nets during spring 2015 at the Antikythira Bird Observatory in the framework of the standardized program for bird ringing of migratory birds run by the Hellenic Ornithological Society and the Hellenic Bird Ringing Centre, which has been conducted annually from the end of March until the end of May since 2007. Trapping and ringing took place from 7 AM to 1 PM using 11 mist nets at fixed locations in the center of the island. Trapped birds were aged and sexed according to Svensson (1992) . All trapped woodchat shrikes were marked with aluminum rings and an individual combination of 3 color rings (hereafter ID). Five of them were also fitted with light-weight radio transmitters (model NTQB-1; Lotek wireless Inc., Canada) using a leg-loop harness (Rappole and Tipton 1991) . The length of the legloop harness was estimated according to Naef-Daenzer (2007) . The mass of the transmitters and the harness did not exceed the 5% of bird's body mass. The transmitters had a minimum lifespan of 3 weeks. A hand held receiver (model: SRX800 m-2; Lotek wireless Inc., Canada) and a 3 element Yagi antenna (Biotrack Ltd., UK) were used for radio-tracking. Radio-and color-tagged birds were released immediately after tagging at their capture location.
Tracking of color-and radio-tagged birds
Tracking of tagged birds took place between sunrise and twilight during the study period. The minimum interval between 2 successive fixes of a single bird was 30 min in order to increase the independence of observations (White and Garrott 1990; Chernetsov and Mukhin 2006) . Birds were assumed to have resumed their northbound journey if they remained undetected for at least 3 consecutive days after last contact. Regarding radio-tagged birds, direct observations throughout their stopover provided no indication that the transmitters were altering their behavior. In particular, radio-tagged birds were commonly observed foraging normally and no birds were seen attempting to pull off their transmitter (Seewagen et al. 2010) . As far as color-tagged birds are concerned, ringing is a widely used method that does not alter behavior. However, it was within 30 min upon handling that radio-tagged birds were preening more than usually but afterwards, their behavior was not influenced (Papageorgiou D, unpublished data). Therefore, the first localization included in the subsequent analyses took place at least 1 h after release.
Radio-tagged birds' localization was determined by homing (White and Garrott 1990) , and birds were approached to no less than a 15 m distance to avoid disturbance. Regarding color-tagged birds, the entire island was searched on a daily basis, starting from the ringing area. As soon as a colored-tagged individual was observed, it was tracked continuously until it was lost out of sight. If birds were tracked up until the sunset, we visited the last localization site of the focal bird on the next day (between 6 and 6:20 AM) to resume the tracking session; in most cases, these birds were encountered at the same roosting tree/bush. The position of both radio-and color-tagged birds was always confirmed visually. Localizations were recorded with an Android tablet using the Locus Maps Free application (Locus 2014) and a digitized map of the island. Throughout the study period, 1 or 2 observers were in the field, depending on the number of tagged birds that were to be tracked.
Microhabitat use
Microhabitat use was investigated by recording and comparing habitat characteristics (Table 1) for those birds that had more than 14 localizations (either using radio-tracking or visual observations of birds with color rings) between visited and non-visited areas within their 100% Minimum Convex Polygon (MCP). In particular, we contrasted the habitat coverage (percentage of vegetation types) between 2 m Â 2 m squares centered on each occurrence point (hereafter visited squares) and 2 m Â 2 m squares centered on random locations (hereafter non-visited squares). The choice of a 4 m 2 plot was based on a preliminary mapping of the study area in combination with observations concerning the behavior of the woodchat shrike at the island of Antikythira. This species mostly sits on the outer branches of the used plant (tree or bush) and scans the ground only in a short distance next to it. Thus, we consider that this plot size is representative of the microhabitat that woodchat shrikes use as perch to explore its surroundings. Random locations, equal to the number of the localizations of each bird, were selected within its 100% MCP, located at least 2 m from each other and at least 5 m from the occurrence points ( Figure 2 ). MCPs were delineated in Arc GIS 10.1 (ESRI 2012; Appendix Figure A ). Given that woodchat shrikes pause their migratory flights and they remain on this island for very few days and the fact that each localization was taking place every 30 min, we herein considered birds with more than 14 localizations, in order not to miss out those birds that stayed over only for 1 day. In several studies on bats, which can also be radio-tracked only for a restricted time (only 1 to 6 nights) the MCPs were also estimated based on a limited number of localizations (e.g., more than 7) (Russo et al. 2002; Flaquer et al. 2008) . The habitat coverage of all squares was mapped and classified to 8 habitat categories (Table 1) . Additionally, the plant taxon used by the birds was recorded. Habitat mapping at the visited squares was carried out upon localization of each bird, whereas habitat mapping at the non-visited squares took place when all tagged birds had resumed their migration, that is, from 15-21 May.
To determine which vegetation types were preferred or avoided by woodchat shrikes, habitat characteristics of the visited and nonvisited squares were compared using Generalized Linear Mixed Models (GLMMs) with a binomial error distribution and a logit link function, incorporating both fixed (i.e., the percentage of each habitat category) and random effects (i.e., the birds' ID) via maximum likelihood. Data exploration indicated that all habitat categories, except for High Grass, High Maquis, and Low Phrygana, differed significantly among birds (Kruskal-Wallis' tests, P < 0.05); thus, the inclusion of the identity of the tagged birds as a random term to the GLMMs accounted for any individual differences in habitat use Patthey et al. 2012 ). On the other hand, the percentage of habitat categories in the visited squares did not differ significantly between age classes, sex, or tracking technique (radio transmitters or color rings; Kruskal-Wallis' tests, P > 0.05). Thus we did not consider these factors to influence microhabitat use; consequently, they were not included in our GLMMs.
GLMMs were built using a forward stepwise process, after a modification for variable inclusion developed by Engler et al. (2004) . More specifically, this process consists of adding sequentially variables (i.e., the habitat categories) and their quadratic terms if statistically significant, to a null model based on how much reduction in residual deviance they cause (i.e., the variable with the largest residual deviance enters the model first). The process is repeated until all statistically significant variables enter the model. In the final step, all possible pairs of interactions among the selected variables are tested and those that are statistically significant enter the model, too. All models built during each step of the process were then evaluated according to the Akaike Information Criterion (Akaike 1974) and Akaike weight (Burnham and Anderson (2002) , corrected for the sample size. Given the lack of multicollinearity (i.e., Spearman's correlation coefficient r < 0.7), all habitat categories were considered in the model-building process.
Visual observations on habitat use
Preliminary analysis of the data gathered by behavioral observations of random woodchat shrikes indicated that habitat use was related to foraging strategy, because birds allocated plenty of their time looking for prey and refueling. Hence, in order to interpret microhabitat use, foraging and anti-predator behavior (i.e., avoidance of raptors, the only predators preying on woodchat shrikes during the stopover of the latter on the island of Antikythira) were recorded by applying the instantaneous scan sampling method (Altmann 1974) . In particular, every 5 min the observer scanned a circular area (of 20 m radius) around them to detect any random woodchat shrikes that were either foraging or looking for shelter in presence of predator. Foraging was divided in 3 sub-classes (hunting, consuming prey and scanning for prey). The focal bird's foraging behavior was regarded as "hunting" when the bird was making a hunting attempt, as "consuming prey" when it was handling a caught prey and as "scanning for prey" when the focal bird was standing on a perch observing a potential moving prey. When a bird was making hunting attempts, hunting directions were also recorded and were classified in 3 categories (toward the ground, upwards, and hunting attempts at same height level). Behavior in the presence of predator was also recorded. Observations were conducted from sunrise till dusk and the used plant taxon was always noted. Observations were recorded with an Android tablet using the Cyber Tracker application (CyberTracker Conservation 2013). GLMMs were fitted using the glmer function of the lme4 package (Bates et al. 2015) in R.3.2.2 (Team RC 2015) . Statistical analyses were performed in SPSS 22.0 (SPSS Inc\. 2014) and R.3.2.2 (Team RC 2015) . Statistical significance level set to a ¼ 0.05.
Results
Tracking and habitat use
In total, 41 woodchat shrikes were captured and color ringed between 8 April and 17 May. Five of them were also radio-tagged (Table 2 ). For the microhabitat use analysis, all 5 radio-tagged birds but only 4 color-ringed birds were used, due to the limited data collected from the rest of the color-ringed birds, totaling 9 individuals. Although our sample size is relatively small, it is supported by other avian studies investigating habitat use ). In total, we obtained 274 locations which correspond to 30.44 6 17.10 (mean 6 standard deviation (SD)) locations per bird (Table 3) .
Most habitat categories (except High Grass, Low Maquis, and Medium Maquis) differed significantly between visited and nonvisited squares (Mann-Whitney U-tests, P < 0.05). As mentioned above, during the preliminary phase of data analysis, we investigated whether the tracking technique (i.e., radio-tracking versus color-ringing) influenced the outcome of the GLMM. Given the lack of such an effect, we pooled the data for the analyses presented herein.
Among all candidate models, only one clearly outperformed other models (i.e., DAICc > 2; Appendix Table A) . It received substantial support from the data as it had a 77% likelihood of being the best model in the set of models considered (model 57: R 2 ¼ 0.48
and AICc ¼ 549.7). According to this model, woodchat shrikes seem to prefer microhabitats which combine a medium percentage of high vegetation (i.e., High Maquis) with a low percentage of low vegetation (i.e., Bare Ground, Low Grass, Low Phrygana, Low Maquis; Table 4 ; Figures 3 and 4) .
Behavioral observations on habitat use
Concerning the behavior of random individuals, we recorded 522 cases of foraging behavior. On such occasions, the birds allocated their time unevenly among activities related to foraging (G-test, G ¼ 471.23, df ¼ 2, P < 0.05). In particular, hunting (57.37%) was the most commonly observed behavior, followed by scanning for prey (39.81%), and far less frequently by prey consumption (2.81%). Hunting directions were also not random (G-test, G ¼ 193.65, df ¼ 2, P < 0.05). The vast majority of hunting directions were toward the ground (85.3%). On the contrary, only in a few occasions the birds were observed hunting a prey at the same level as their standing point (10.20%) or upwards (4.48%).
Observations on plant taxon use by the tagged and random woodchat shrikes when conducting hunting attempts toward the Table 2 . The number of radio-or color-tagged birds, according to age and sex and also the median date of capture for the 41 woodchat shrikes which were ringed during spring 2015 on the island of Antikythira Age class "6" refers to birds that were hatched before last calendar year, but the exact year remains unknown. Age class "5" refers to birds that were definitely hatched during previous calendar year (e.g., first years in early spring; European Union for Bird Ringing (EURING) age codes). *in parenthesis: number of color-ringed birds used in microhabitat use analysis. For age classes see, Table 2 .
ground indicated that the study species tended to swoop from a standing point higher than 0.8 m (Figure 5 ), for example, from Medium or High Maquis. In particular, during their hunting attempts toward the ground, woodchat shrikes utilized the following plant taxa in descending order: Olea europaea (29.41%), Quercus coccifera (16.67%), Juniperus phoenicea (13.73%), and Prunus dulcis (8.33%). All of these plants were defined as Medium or High Maquis. On the other hand, woodchat shrikes were observed less frequently swooping toward the ground from low vegetation such as Callicotome villosa (0.98%), Smilax aspera (0.49%), or unidentified Low Maquis and Phrygana species (0.98%).
Finally, in a total of 12 cases that a raptor was observed in a close proximity (20-40 m) to a woodchat shrike, the latter was hiding inside the maquis were it was perched, until the raptor moved further away. This behavior was interpreted as an anti-predator strategy.
Discussion
In accordance with our initial hypothesis, in our study we have shown that habitat use by woodchat shrikes stopping over at the island of Antikythira (Greece) in spring is associated with both high maquis vegetation and low vegetation. Such tall perches surrounded by low vegetation provide good visibility of both ground dwelling prey and predators. Indeed, among the observed hunting attempts woodchat shrikes were mostly swooping from a high perch heading toward the ground. In the presence of a raptor, high maquis vegetation might also provide shelter to woodchat shrikes. To our knowledge, this is the first attempt to describe microhabitat use of a Shrike species, just after the crossing of the Mediterranean Sea and the Sahara Desert using both color tags and radio telemetry. Woodchat shrikes differ from other passerines as they are considered sit-and-wait predators, which scan the surrounding ground and air for prey from a concealed point and surprise their prey with a rapid attack .
In a wider context, migratory bird populations can be influenced by events that occur during the over-wintering, migration, and breeding periods (Norris and Taylor 2006; Rushing et al. 2016 ). Vegetation type abbreviations same as in Table 1 .
This implies that the observed behavior of the migrants at stopover sites is affected by their body condition upon arrival, which is influenced by events that took place elsewhere. A stopover period could determine, in turn, crucial parts of the life cycle, including breeding performance. This indicates the significance of stopovers for the fitness of the individuals and the viability of their populations. Thus, it highlights the importance of the study and management of stopover sites. The microhabitat use described here might be characteristic for those migrating woodchat shrikes that choose to stopover on xeric ecosystems that dominate most of the Mediterranean islands (Katsimanis et al. 2006) . On the island of Antikythira, woodchat . Plant taxa and non-vegetative perches used for hunting attempts toward the ground by woodchat shrikes, during the spring stopover season 2015, as recorded during behavioral observations of both non-tagged and radio-or color-tagged individuals; y-axis represents the percentages of each perch category (x-axis) among all observations which regard to hunting attempts toward the ground.
shrikes' microhabitat use was linked to hunting attempts directed toward the ground, which likely represents an efficient foraging strategy. In particular, woodchat shrikes used branches of the highest vegetation, available on the island, as hunting perches and then they dived toward the ground to catch their prey. Similarly, Sandor et al. (2004) showed that woodchat shrikes, during a spring time stopover in Romania, mainly exhibited hunting attempts toward the ground by utilizing perches of 1.2-2.2 m height, very similar to the height of Medium and High Maquis on the island of Antikythira. On the contrary, at a breeding site in Switzerland, hovering flights of woodchat shrikes were more productive and outnumbered the ones directed toward the ground (Schaub 1996) .
These dissimilarities may be a result of differences in the abundance of the main prey of the woodchat shrikes. In particular beetles (Coleoptera) in spring may be more abundant than grasshoppers (Orthoptera) as shown by Hern andez et al. (1993) and Sandor et al. (2004) . Similar seasonal differences in prey abundance on their stopover on the island of Antikythira may lead woodchat shrikes to perform hunting attempts toward the ground to catch the most abundant food source during this time of the year. Indeed, migrants have been shown to shift foraging tactics during migration as a response to seasonal prey availability and body condition (Smith et al. 2004; Powell et al. 2015) . Loggerhead shrikes Lanius ludovicianus, which are also considered sit-and-wait predator, alter their hunting behavior according to the height of the available vegetation before or after mowing (Yosef and Grubb 1993) . Data on the abundance of flying insects during spring on the island of Antikythira in comparison to the abundance of ground-dwelling invertebrates could further elucidate the role of prey availability on the observed hunting strategies during stopover.
Another study in the breeding grounds of the woodchat shrike in the Mediterranean France highlighted the effect of 2 fundamental habitat components: (1) a low and discontinuous grass layer where the birds collect their prey (mostly beetles) and (2) the presence of isolated trees, shrubs, or bushes used as surveying and hunting posts as well as nesting sites (Isenmann and Fradet 1998) . Our GLMMs' results suggest a similar pattern during the spring stopover period, because woodchat shrikes are more likely to be observed in microhabitats of High Maquis surrounded by low vegetation. Further data on habitat use during the wintering period could clarify whether these 2 habitat components are crucial throughout the annual cycle of the woodchat shrikes.
Our results showed that the woodchat shrikes probably use the medium and high maquis vegetation not only to make hunting attempts but they also use their canopy as shelter against raptors. It has been reported that migrants expose themselves to higher predation risk at stopover sites as they increase their foraging intensity, in order to refuel and continue their migration (Alerstam 2011) . It seems that woodchat shrikes utilize High Maquis as hunting perches, while at the same time they can hide there when a raptor is in a close proximity.
This study illustrated the importance of a Mediterranean Island's higher maquis taxa during stopover of woodchat shrikes. In the near future we aim to examine whether parameters such as body condition (weight, fat, and muscles), experience (age), interactions among conspecifics (e.g., competition), and food availability can influence the stopover duration or the time the birds spend to find the optimal habitat for refueling. Given that we rarely observed aggressive behavior among woodchat shrikes during our study (Papageorgiou et al., in preparation) , even in periods with high abundance of woodchat shrikes on the island, we hypothesize that stopover duration and home range size are most likely affected by factors such as age or body condition. For example, less experienced birds might spend more time in search of suitable perches, and hence, they utilize wider areas. Nonetheless, as discussed by Seewagen et al. (2010) the actual time spent for stopover is hard to estimate given that it depends on the probability of capturing a bird immediately following landfall. Although habitat availability could not be estimated from the data in hand, the high occurrence of the woodchat shrikes in high maquis vegetation, despite the relatively lower percentage cover of this habitat type in relation to phrygana across the island, could serve as a first indication of the habitat preferences of the species. The use of a 4 m 2 plot to estimate microhabitat use allowed us to delineate only the most preferred perches and their immediate surroundings. Thus, a detailed vegetation map would allow us to study habitat use in relation to habitat availability and consequently will enable us to investigate habitat selection by woodchat shrikes during their stopover at various spatial scales (form the microhabitat to the study area level) on Antikythira Island. However, such a detailed mapping of our study area is currently lacking. In addition, knowledge of the study species' diet and the abundance of their preferred prey in the examined habitat types could further elucidate which factors drive habitat selection by woodchat shrikes at this spring time stopover site.
In conclusion, in this first study of microhabitat use by woodchat shrikes during stopover on a Mediterranean island, after the crossing of the Sahara Desert, we showed that a better hunting position and safety provision are of top priority for that species, because they choose high vegetation as perches for hunting and shelter. Apart from the autochthonous taxa such as Q. coccifera or J. phoenicea, woodchat shrikes tended to occur on almond P. dulcis and olive trees O. europaea, which have been traditionally cultivated on the island, yet to a small extent. We thereby encourage conservation and preservation of these cultivated species while maintaining anthropogenic disturbance at a low level in native maquis habitats. Such practices are expected to benefit woodchat shrikes' stopover on the island, as well as to enhance the ecological value of local ecosystems. 
